The K+ dependence of normal (4) and diffusion (4,) Following the great rise in popularity of the chemiosmotic hypothesis and noting the great complexity of the transport data across higher plant cell membrane systems, Mitchellian transport systems have been suggested by several investigators (e.g. 3, 10, 11, 16). A general model suggested by Hanson (6) includes three types of transport: (a) active proton efflux which is electrogenic, probably associated directly with activity of an ATPase and possibly coupled closely to active K uptake (see also refs. I and 11); (b) electrophoretic movement (uniport); and (c) neutral exchange systems making use of the chemical gradient for protons. To date, however, no single element of the system has been characterized in such a way as to be useful to the model. The object of the present study was to characterize changes in 4 which occur over a range of external K activities. This is a first step in understanding and separating the electrically non-neutral elements of the models.
Following the great rise in popularity of the chemiosmotic hypothesis and noting the great complexity of the transport data across higher plant cell membrane systems, Mitchellian transport systems have been suggested by several investigators (e.g. 3, 10, 11, 16) . A general model suggested by Hanson (6) includes three types of transport: (a) active proton efflux which is electrogenic, probably associated directly with activity of an ATPase and possibly coupled closely to active K uptake (see also refs. I and 11); (b) electrophoretic movement (uniport); and (c) neutral exchange systems making use of the chemical gradient for protons. To date, however, no single element of the system has been characterized in such a way as to be useful to the model. The object of the present study was to characterize changes in 4 which occur over a range of external K activities. This is a first step in understanding and separating the electrically non-neutral elements of the models. We have found it useful to analyze (-exp(Ff/RT). As a result we have been able to describe mathematically the behavior of 4 as a function of K°; to show that in the presence of 10 tLM FCCP,2 4 behaves as expected of a diffusion potential; and to characterize 4,p, the deviation of 4, from 4r) due to an electrogenic system.
MATERIALS AND METHODS

TISSUE PREPARATION
Methods for raising corn seedling [Zea mays L., hybrid (A619 x Oh43) x A632] were previously described (8 We found one way to describe closely the deviation from nonlinearity at low K0 was to assume that the curve approached linearity in a fashion similar to that of first order (MichaelisMenten) enzyme kinetics.
Since the curve (Fig. 2) showed a finite value for J at K0 = 0, it was necessary for mathematical analysis to adjust the curve by a constant A (in effect, a y axis shift). This produces the following equation for the "proportional saturation" of the system with K+: The new level was steady for at least 10 min, and return to 0.2 mm K+ restored the initial level.) (-Analysis indicates by its linearity that the potential is behaving as would be expected (7) where A is the deviation of the experimental curve from K0 = 0 at the x intercept; and b is the affinity constant of the system for K+ (i.e. the equivalent of Kin). As an empricial tool: The experimentally determined values of gave a linear regression for the higher values of K0 (Fig. 2) which did not extrapolate to the same x intercept as that for AD (Fig. 1) . Based on the first of our assumptions (above), pci Cl' is to be considered constant (Fig. lb) . That it extrapolates to -10.2 mm implies that either pci is altered by FCCP, giving a false indication of the normal diffusion potential, or that 4p is in fact not constant over this range. We take the similarity of apparent diffusion potentials in the presence of various agents (10) to justify for now the assumption that pci Cl' is constant and that 4ip is not. (Fig. 3) . At low K+ the first term of equation 12 (X) is dominant, producing a hyperbolic decline in 4'p with increasing K°. As X --1, the second term produces a slow rise in 4p. Only at very high K+ activity will ip (and 4p) become constant.
The applicability of this technique is illustrated in Figure 4 . The circles represent our experimental values and deviate from the calculated curve by at most 4 mv. The curve is that described by equation 11 for J observed. 
DISCUSSION
The description of the K+ dependence of 4p rests heavily on two assumptions. First, uncoupling with FCCP is assumed not to alter any of the parameters of the Goldman-Hodgkin-Katz equation, thus allowing determination of the contribution of 4D to 4. Although FCCP and other depolarizing agents might alter ionic permeabilities and activities, there is no firm evidence on this point. However, it is certain that FCCP is a powerful uncoupler of energy-linked transport, and in the absence of specific information on changes in permeability coefficients we feel justified in making the assumption that uncoupling affects only the energylinked system.
The second assumption, that 4' = 4A + 4,p, implies that the two components of 4' are potentials in series, whereas if the electrogenic system is in the plasmalenmma (1, 6, 11, 17) So defined, the pump potential is an index of electrogenicity and an indicator of a close relationship between the electrogenic system and energy-linked transport. It is thus interesting that the minimum 4p in Figure 3 approximately coincides with the upper end of the Mechanism I range of ion absorption (2) and with the value of K°where K+ influx becomes energetically downhill (about 0.4 mM). Also, A is least sensitive to changes in K°in the range of minimum 4p (Fig. 4) .
The K°dependence of 'p (and O) in the Mechanism I range is qualitatively consistent with the chemiosmotic model previously proposed (6) 
